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Introduction
Tackling climate change is a priority for the European Union (EU), which has set ambitious short and long-term emissions reduction targets, i.e. reducing greenhouse gases (GHG) emissions of 20% by 2020, 40% by 2030 and 80% by 2080 compared to 1990 levels (European Commission, 2011) . Meeting these targets increases the likelihood that the aims of the Paris Agreement under the United Nations Framework Convention on Climate Change (UNFCCC, 2015) can be met. The central aim of the Paris Agreement is to keep global temperature rise this century well below 2 degrees Celsius above pre-industrial levels, and to pursue efforts to limit the temperature increase even further to 1.5 degrees Celsius. Furthermore, the agreement aims to strengthen the ability of countries to deal with the impacts of climate change.
Cities (referring to all local authorities with urban characteristics, i.e. urban areas, towns, and cities) are crucial actors of climate change mitigation and adaptation efforts (Kousky and Schneider, 2003; Rosenzweig et al., 2010) , particularly in Europe where approximately 74% 1 of the population lives in urban areas. However, how and why cities engage in climate policy is a matter of current debate (Castán Broto, 2017; De Gregorio Hurtado et al., 2015; De Gregorio Hurtado et al., 2014; Heidrich et al., 2016; Olazabal et al., 2014; Reckien et al., 2015) and the effect of (binding and non-binding) national or international policies on the local level is not well understood (Kelemen, 2010) . The state of climate engagement concerning mitigation and adaptation in European cities is partially assessed Reckien, Diana et al., 2014) . However, the risk of climate-related impacts and increased vulnerability and exposure of human and natural systems requires climate change mitigation i.e. addressing the causes of climate change, as well as climate change adaptation i.e. dealing with the consequences of a changed climate throughout all European cities.
There are significant synergies and trade-offs between mitigation and adaptation (Landauer et al., 2015) , especially in cities (IPCC, 2015) , which can play a key role in developing and implementing climate change programs. Cities are at the interface of local action and the regional, national and international level climate change adaptation and mitigation commitments (Heidrich et al., 2016) . Castán Broto (2017) argues that cities play a pivotal role in transnational climate change governance, firstly, because cities can support processes of learning and exchange between local governments and other sub-national organizations. Secondly, they gather local resources and knowledge in order to implement specific schemes. Thirdly, they raise the profile of cities in the international agendas and thereby evoke the interest of political and business actors. In order for cities to excel in this pivotal role, and to contribute towards meeting international decarbonisation targets, cities need to design and implement local climate plans (LCPs) . In this study, LCPs are considered as planning documents prepared at the city level that contain policies that are relevant to climate change adaptation and/or mitigation (see also the methods section below and Supplementary Information). The role of national governments in LCP development and implementation can be highly influential at a local level (Heidrich et al., 2016; De Gregorio et al., 2015) . The level of LCP development appears to reflect the governance in each Member State. It appears that wealthier federal governed Member States in central Europe are more proactive initially. Although once national legislation and policies are established LCP development multiplies also in more centrally governed Member States. However, if national governments are unable to provide guidance, cities often align themselves to international networks such as the International Council for Local Environmental Initiatives (ICLEI) Local Governments for Sustainability (ICLEI, 2008) or the Covenant of Mayors (Reckien, Diana et al., 2014) . Climate change networks have arguably a large influence on cities in countries without or with weaker national climate policies (Heidrich et al., 2016; Reckien, Diana et al., 2014; Villarroel Walker et al., 2017) . The largest networks in Europe are the EU Covenant of Mayors and the UN Compact of Mayors, although other international, national or sub-national/regional networks have formed to support the diffusion of international best practices and to help cities share climate change planning knowledge. Bauer and Steurer (2014) assume that regional climate change networks help prepare policy systems for innovation by spreading information on the magnitude and timing of climate impacts and pinpointing potential response options. However, the influence of networks, relative to local and national governance is only being uncovered (De Gregorio Hurtado et al., 2015; Reckien et al., 2015) . Another factor is the adjacency to active states, which seems to urge neighboring countries to also tighten their mitigation policy (Biesenbender and Tosun, 2014; Tompkins and Amundsen, 2008) .
European LCPs have been positively associated with the size of a city, gross domestic product (GDP) per capita and with adaptive capacity, representing forms of institutional capabilities and economic strength . By contrast, cities with high unemployment rates, warmer summers, close proximity to the coast, and increased projected exposure to future climate impacts have significantly fewer LCPs . Lack of resources, capacity in terms of preparedness as well as competence and political salience rank as the top barriers for local climate planning across countries, and especially lower income EU countries (Massey et al., 2014) . In many cities lack of political commitment associated to inertia to integrate climate action in local policies arises also as a relevant barrier that needs to be addressed by specific research. Climate change planning in European cities is therefore often determined by local organisational capacity rather than proactive anticipation of future need . Eurostat repository and jointly collected by the National Statistical Institutes, the Directorate-General for Regional and Urban Policy and Eurostat-for the EU-28 countries. We first develop a typology of LCPs in Europe; next we identify and review existing LCPs according to the typology. We focus on stand-alone, comprehensive LCPs that were developed with climate change as the main motivation. Mainstreamed climate issues in other plans or climate related documents are not considered here. The study particularly addresses two research questions:
•
What are the emerging patterns of LCPs distribution across the EU-28?
• How can the overall pattern be explained, i.e. what is the relative importance of local, national or international policies and networks in developing LCPs?
The quality of LCPs or content of LCPs is not assessed rather the distribution is examined and potential influential parameters or drivers are evaluated.
A previous study, conducted on a smaller sample of 200 cities across 11 EU Member States revealed a large variation in climate change response, which was most noticeable across city size on a North-South axes (Reckien et al., 2014a) . That study, and a follow-up investigation (Heidrich et al., 2016) , discussed the role of national legislations, international networks and activities in motivating the development and implementation of local strategies. A related study also examined potential drivers or barriers among a number of institutional, environmental and socio-economic urban characteristics . The analysis presented here represents a significant advance in the number of cities analysed, and the breadth of information considered, paving the way for more detailed consideration of the engagement and preparedness of European cities to climate change.
Methodology and methods

The sample of cities
The analysis is based on the entire sample of UA core cities in the EU-28, along with some of the data provided within the UA database 2 , now called "Statistics on European cities". The UA is run by the European Commission and Eurostat and developed in cooperation with the national statistical offices to compare data across European cities and towns (urban areas). More than 900 urban areas are covered across EU-28 (plus Iceland, Norway, Switzerland and Turkey). Datasets include statistical information on individual cities and on their commuting zones (called Functional Urban Areas). A city is defined as a local administration unit (LAU) where the majority of the population lives in an urban centre of about at least 50,000 inhabitants. The Greater city is an approximation of the urban centre when this stretches far beyond the administrative city boundaries. The UA city sample currently contains 885 core cities and 22 greater cities or larger urban zones across the EU-28, that represent 25% of the EU's population. The UA cities are geographically dispersed and varying in size to ensure a balanced and regionally representative sample (see Figure 1 ) that includes large and smaller cities (below 50,000 inhabitants). The UA adopted the following criteria in order to ensure representativeness of the sample: cities in each country represent about 20% of the population in the country, reflect a good geographical distribution (at least one city from each NUT3 Region), and vary in size to include large and some smaller cities (below 50,000 inhabitants). The topics and datasets that are reported by the database are wide ranging and include for example demography, housing, health, environment, education and many others. The database is of great use for climate change and urban planners alike (Seto et al., 2014) . For more details on the methodology, definition and classifications see Supplementary Information and Eurostat (2004) . 
Classification of Local Climate Plans
The LCPs of European cities are drafted and published in a variety of forms, levels of detail, structure and scope. Some of the plans are comprehensive stand-alone documents, such as comprehensive adaptation or mitigation plans. Other LCPs are integrated into another document such as a sustainability plans, resilience plan, or Local Agendas 21, which sometimes integrate adaptation and mitigation. Increasingly, aspects of climate change are also covered by spatial development plans; sectoral plans, e.g. for heat waves, flooding, air quality or energy shortages; and plans prepared for other purposes but which are nevertheless relevant to climate change.
We developed a typology of LCPs that served as a framework for our analysis. It is based on two dimensions: the level of integration with other local policy documents, and the spatial dimension ( ). This study only comprises plans with a clear focus on climate change and those developed for the entire urban region, i.e. A1, A2, and A3 plans according to our typology. 
A1 and A2:
In this category we included LCPs relevant for the entire urban area that at least mention 'climate' or 'climate change' in the headline or as main motivation of the plan development in the introduction. In operating terms, these plans were detected through common search engines using common keywords for mitigation and adaptation (see Supplementary  Information) . In addition, websites of local governments, municipalities and/or authorities were checked with a special focus on those departments that might cover climate action (e.g., planning, 
Selection of Local Climate Plans for the Urban Audit cities sample
For each country, a team of native or fully language proficient authors, compiled a database of local climate (mitigation and adaptation) plans through a combination of desk/web review and direct contact with local authorities. We used the opportunity of online reporting. Only in cases where further information and/or clarifications were needed we contacted the respective city representative. In all cases the respective plan or policy had to be or to be made available to us. A more comprehensive version of the analysis guidelines can be found in the Supplementary Information.
Within the developed database, we recorded the name, the web link, the date of search and whether the strategies are published in the same document, along with comments for each city and country. The relevant documents (plans and strategies) where downloaded and saved.
The LCP can either be officially adopted or acknowledged and noted by the local government; it can be binding or non-binding. The database includes drafts and finalized plans as well as current and past strategies, i.e. also those that had a timeframe which already passed (e.g. 2010-2016). We include also draft documents because we assume that the planning process is just as important as the plan itself Millard-Ball, 2013) and that a draft plan can already produce effects such as awareness raising and capacity building. The size of a municipality or local area differs across Europe with implications for what counts as local climate plan. For example, in France, municipalities are small compared to other countries therefore the competence for LCPs was recently transferred from municipalities to city-regions (larger urban area) in the framework of the 2015 territorial reform. We used both municipal and city-region plans as urban plans in the French case, as many cities are still in the process of transferring the competence from one level to the other. A similar issue relates to cities in Ireland and the UK, where one city can make up multiple local authorities . We also reported plans for local authorities within a city (e.g. London) as well as those plans that merge multiple local authorities into one city. 
Results
Some countries make it compulsory for cities and larger local governments to develop LCPs; whereas others leave the decision for LCP development up to the local level deciding on engagement and action. In line with the typology shown in Table 1 we here present the results of the analysis. As mentioned above we only report LCPs of type A1, A2, and A3 with the aim to concentrate on cities with strong and focussed climate change targets, i.e. with plans that only and comprehensively address climate change.
Type A1: Autonomous and comprehensive LCPs
National governments in 24 of the EU-28 countries do not require the preparation of LCPs. Table 2 shows the large disparities across these 24 European countries.
Overall, approximately 36% of the cities in this sample have an A1 mitigation plan. A1 mitigation plans are particularly numerous in Poland, Germany, Ireland, Finland and Sweden with more than two thirds of cities having a mitigation plan. There are far fewer adaptation plans than mitigation plans. Finland is a forerunner having an adaptation plan for most cities. Twelve other countries have an adaptation plan in less than a third of the cities. However, although mitigation LCPs are far more numerous than adaptation LCPs-which would suggest that mitigation precedes adaptation, there are some cities with an adaptation but no mitigation plan. This is, e.g., the case in Zagreb (Croatia) and Bologna and Ancona (Italy). Across the EU-24 sample, about 11% of cities have an A1 adaptation plan.
Some of the plans address mitigation and adaptation issues in the same document. This is the case in most Finnish cities, but also found in some Irish and Belgian cities. Overall only 3% of LCPs of type A1 in Europe are joint plans.
Overall, the cities in 10 of the 24 countries not demanding LCPs do not have any local A1 mitigation or adaptation plans. These are predominantly the cities in Southern, the South-East and the North-East of Europe, but also Luxemburg. Figure 2 shows how the LCPs in countries without a national obligation to develop an LCP are distributed across city size. The larger the city gets, the more often they have an A1 mitigation plan and/or an A1 adaptation plan. Nearly 70% of the cities above 1 million inhabitants have a mitigation and/or adaptation plan. However, some of the small cities are also active, although the numbers are far from representative, because of the small sample in that category. Most joint plans are developed in large cities of more than 1 million inhabitants, suggesting a relation to economic or institutional capacity. 
Type A2: Nationally required and regulated LCPs
While many national governments provide some policy guidance to local authorities on the production and design of LCPs, their content and legal status is often left to the discretion of local authorities. Only, Denmark (DK), France (FR), Slovakia (SK) and the United Kingdom (UK), have made the adoption of LCPs compulsory, setting the legal status and providing guidance on the development and content of plans.
Since 2008, local planning authorities in the UK have the statutory duty to include "policies designed to secure that the development and use of land in the local planning authority's area contribute to the mitigation of, and adaptation to, climate change" in their local planning documents. 3 The legislation demands the inclusion of climate change issues in general local planning documents addressing both mitigation and adaptation. The regulation applies to local planning authorities of all sizes.
In 2010, France made it compulsory for municipalities to adopt LCPs. The French local authorities are required to produce a Local Climate-Air-Energy Plan (Plan Climat Air Energie Territorial), which is a stand-alone document. It must include sections on mitigation and adaptation, but most often the focus is mitigation and particularly the link between energy policy, air quality and GHG emissions. However, these regulations only apply to areas with a certain number of inhabitants. Initially, LCPs were compulsory for municipalities of more than 50,000 inhabitants. From 2016 onwards, it includes smaller-size cities, being obligatory to municipalities with more than 20,000 inhabitants..
In Slovakia, it is obligatory to develop an Action Plan for Sustainable Energy (e.g. Akčný plán trvalo udržateľnej energie mesta Nitra do roku 2020) which are strategic framework documents. Environmental Minister made it mandatory for Danish municipalities to include climate change adaptation into municipal spatial plans in 2013. The law amendment came into force by 1st of February 2018. According to the amendment, the municipalities should identify local areas that may be exposed to flooding and erosion as a result of climate change and state these in the municipal spatial plans. Furthermore, if urban development is planned in the designated areas the municipalities have to ensure the implementation of preventive measures. Moreover, Denmark is among the few countries with a Ministry of Climate, which was created in the wake of the UNFCCC Conference in Copenhagen in 2009 combining energy and buildings-even though adaptation and mitigation are in different ministries. Table 3 shows the number of mitigation, adaptation and joint LCPs produced in the UA cities of Denmark, France, Slovakia and the UK, compared with the availability if LCPs in other countries. Some basic analyses show that cities with a national obligation to develop LCPs are proximately 1.8 more likely to have a mitigation plan and about 5.0 times more likely to have an adaptation plan-although this is also influenced by the time of regulation. Moreover, our sample indicates that the large majority of joint mitigation and adaptation plans (86.8%) were produced in cities with a national obligation and guidance for LCPs. Despite the presence of a legal requirement, one in four cities in France and one in three in the UK do not possess an A2 LCP and thus may not be complying with national regulations. Figure 3 shows the distribution of compulsory LCPs (A2) across city size. The data reveals the same pattern as for autonomous LCPs in other countries and cities. Larger cities have more often an LCP than smaller cities-although the only city in the category below 50,000 inhabitants also has a plan. This is, however, not representative. 
Type A3: Plans of international climate networks
International climate networks are important initiatives in boosting development of urban local climate plans (Heidrich et al., 2016; . While there are also regional and national climate networks in many countries, the EU Comparing this with Table 2 we conclude that cities in countries where autonomous plans are less common tend to produce more internationally-induced plans, whereas cities in countries where autonomous plans are more common tend to engage less in international networks. Table 5 summarizes the statistics and shows that A1 and A2 LCPs are slightly more numerous than A3 LCPs. It further shows that 66.2% of EU UA cities have either an A1, A2, or A3 mitigation LCP; that 25.5% have an adaptation LCP; 16.6% are joint LCPs; and 29.8% have neither an A1, nor an A2 or an A3 LCP. 
Discussion and Conclusion
Data collected for this study was last updated in January 2017 (with some exceptions, e.g. climate networks). This allowed plans developed in the wake and immediately after the 2015 UNFCCC Conference in Paris, which saw a significant increase of climate action at all levels to be included. Our dataset includes 885 cities in all 28 EU countries, being the first of its kind by providing a detailed database of local climate action. It is thus comprehensive and much more representative in terms of establishing patterns and effectiveness in achieving EU policy targets to combat climate change and meet the objectives of the Paris Agreement. This paper has introduced this data and provided an initial analysis. We intend to update this work at regular intervals to map, observe and compare the evolution of local climate planning over time. This will inform decision-making and thinking by stakeholders at all levels and sectors.
Methodological insights and challenges
1) The accessibility of LCPs can be challenging, especially for medium and smallsize cities. In a few cases, we found some evidence of the existence of LCPs, but could not find a copy of the plan. LCPs might exist but are not always publicly available on the webpages of the municipality. While we are certain to have found the vast majority of LCPs for our sample, some other LCPs probably exist. 2) The use of shared definitions across countries proved challenging. For instance, despite the co-development of a theoretical framework providing a clear distinction of comprehensive, mainstreamed, partial and related plans the application of the framework to the different national situations proved difficult in practice. For example, it is difficult to know which plan was first when cities have both an A2 and A3 plan. We recorded most of them as A2, unless it was absolutely clear that the plan was only developed for the Covenant of Mayors and afterwards published as LCP.
Similarly, there are difficulties to distinguish between the other categories, B, C, D, E, and F, not considered in this paper. For example, the distinction between A3 plans and C -Local Energy Plans is not straight forward. Additionally, the typology suggests a hierarchy moving from A to E, but this is not intended and should not be seen like it. A to E just shows the level on concentration or focus on the climate change issue. However, level B plans can be more successful than Level A plans in addressing and implementing climate change issues in the real world, as climate issues are mainstreamed in other local political processes. What can also make classifying plans difficult is the fact that mitigation and adaptation are not always dealt with at the same level of detail, depth, or length. On top of that, in some countries there is a recent trend to either include LCPs into more integrated sustainability plans, such as in The Netherlands; in other countries, the opposite trend can be observed, with the transformation of Local Agendas 21 into more technical LCPs, such as in France. In this paper, we did not include sustainability plans or Local Agendas 21 in our study, which means that we might underrepresent the level of engagement in European cities. 3) Another issue relates to recent municipal reforms of local authorities. This had a significant impact on local climate planning, whose competence was sometimes moved from one level to the other. For instance, France merged a large number of smaller intermunicipal authorities into larger ones and the competence of LCPs moved up from municipalities to intermunicipal authorities, while Italy transformed its counties (province), which were previously responsible for most urban planning, into large intermunicipal authorities. In some cases, this made existing plans obsolete, thus creating a legal 'in-betweenness' that we found difficult to characterise. In this assessment, we included the lowest-level plans (e.g. municipal over intermunicipal), unless more recent higher-level plans existed in a context of territorial reform, and all existing plans regardless of their status (drafted, adopted, expired or obsolete). Then, lower-level plans interact with higher-level plans in the respective spatial planning systems. This is particularly salient in the case of water and climate plans and generally adaptation plans, which usually cover larger areas, such as in The Netherlands, Finland, and Italy. To keep consistency we therefore also included local plans of urban regions (larger areas with adjacent municipalities that are all part of the UA or plans for an urban region with its hinterland). For example, the metropolitan region of Helsinki has a plan that also covers the adjacent UA cities of Esbo, Vanda and Lahtis. It should also be mentioned that the restriction to UA cities introduces a distortion of representability. For some countries (e.g. Portugal where UA cities cover only 8% of municipalities), cities outside the UA may still have LCPs that were not accounted here. 6%) , international networks such as the Covenant of Mayors raise the awareness, build the capacity and, often through EU-funded projects, provide the expertise and the funding necessary to develop LCPs. The case of Spain and Italy is particularly interesting, as the number of Spanish and Italian signatories is particularly high. They represent more than one-third (35.0%) of the signatories of the Covenant in our sample, while local authorities from Italy and Spain constitute more than three-quarters (76.7%) of all the signatories at the time of writing. However, the UA sample is probably not a representative sample in terms of cities signatories of the Covenant of Mayors, considering that it contains only few cities with less than 50,000 inhabitants, while local authorities of all sizes can sign the Covenant. This is the case for Malta, where several smaller cities that make part of the Valletta UA city have submitted action plans to the Covenant of Mayors for Climate and Energy but these do not cover the entire UA city. The Covenant of Mayors and the UA cities also differ in other ways, e.g. the Covenant of Mayors is mostly focused on what the local authority owns, rather than the city as a whole; the timeframe is often different; and it covers administrative areas of a few hundred people to several million. This means that, while our sample can be considered as representative of European cities, it is perhaps not fully representative of the signatories of the Covenant. Nevertheless future research should assess which factors contribute the most in preparing LCPs and how these interact.
Interpretation of the findings
Final conclusions
Our analysis from 885 cities across the 28 European countries has shown that approximately 66% of the EU UA cities have either an A1, A2, or A3 mitigation LCP; that 26% have an adaptation LCP; 17% are joint LCPs; and about 30% of cities have neither an A1, nor an A2 or an A3 LCP.
Although far more numerous, mitigation plans does not always precede adaptation plans, which is different from an earlier assessment (Reckien, Diana et al., 2014) . There is large diversity across the EU with more plans in Central and Northern EU, which is a recurrent picture. City size, national regulation and international climate networks are influential parameters in driving LCPs. About 70% of the cities above 1 million inhabitants have an A1 or A2 mitigation and/or an adaptation plan. The difference in LCPs between countries that demand local authorities to develop LCP and those that do not is of a factor 1.8 for mitigation and of factor 5.0 for adaptation. We also saw that the EU Covenant of Mayors has an important role, encouraging smaller cities, e.g., in Italy and Spain, as well as in other countries, to engage in climate action. Wamsler, C., Brink, E., Rivera, C., 2013. Planning for climate change in urban areas: from theory to practice. Journal of Cleaner Production 50, 68-81.
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